Background/Objectives: The EPIC-Soft program (the software initially developed to conduct 24-h dietary recalls (24-HDRs) in the European Prospective Investigation into Cancer and Nutrition (EPIC) Study) was recommended as the best way to standardize 24-HDRs for future pan-European dietary monitoring. Within European Food Consumption Validation (EFCOVAL), EPIC-Soft was adapted and further developed on various aspects that were required to optimize its use. In this paper, we present the structure and main interview steps of the EPIC-Soft program, after implementation of a series of new specifications deemed to satisfy specific requirements of pan-European monitoring surveys and other international studies. Subjects/Methods: Updates to optimize the EPIC-Soft program were ascertained according to the following stepwise approach: (1) identification of requested specifications to be potentially implemented through an ad hoc 'EPIC-Soft specifications questionnaire' sent to past, current and possible future users of the software; (2) evaluation of the specifications in collaboration with two ad hoc task force groups and through a workshop; (3) development of a technical solution for each retained specification; (4) implementation of the specifications by software developers; (5) testing and amendment of bugs. Results: A number of new specifications and facilities were implemented to EPIC-Soft program. In addition, the software underwent a full reprogramming and migration to a modern Windows environment, including changes in its internal architecture and user interface. Although the overall concept and structure of the initial software were not changed substantially, these improvements ease the current and future use of EPIC-Soft and increase further its adaptation to other countries and study contexts. Conclusions: EPIC-Soft is enriched with further functions and facilities expected to fulfil specific needs of pan-European dietary monitoring and risk assessment purposes. The validity, feasibility and relevance of this software for different national and international study designs, and the logistical aspects related to its implementation are reported elsewhere.
Introduction
The European Union (EU) has a major interest in harmonizing nutritional and health monitoring and surveillance systems across its member states (http://ec.europa.eu/).
Although national monitoring systems already exist in several EU countries, these data suffer from a lack of comparability due to notable differences in study designs, dietary methodologies used and other local cultural differences compromising their interpretation when pooled together (Elmadfa et al., 2009) .
In order to fill this gap, different European projects were supported to evaluate the needs and alternatives available to harmonize dietary methodologies and standard operating systems in Europe, including European Food Consumption Survey Method (Brussaard et al., 2002 a) , European Food Consumption Validation (EFCOVAL) (http://www.efcoval. eu/) or more recently the Dietary Exposure Assessments for Children in Europe (EXPOCHI) Project (Huybrechts et al., 2010) . Similar methodological issues were addressed in other international projects, such as the European Prospective Investigation into Cancer and Nutrition (EPIC) Study (Riboli, 1992) or the Data Food Networking (DAFNE) Project (Trichopoulou and Naska, 2003) .
The first experience in developing a standardized methodology for collecting individual-level food consumption data across European countries was initiated by the International Agency for Research on Cancer through the development and validation of a menu-driven standardized 24-h dietary recall program (EPIC-Soft). This EPIC-Soft was initially used as a reference calibration method among the 23 centers in the 10 countries participating in the EPIC Study (Slimani et al., 1999 (Slimani et al., , 2000 Ferrari et al., 2004 Ferrari et al., , 2009 Al-Delaimy et al., 2005; Saadatian-Elahi et al., 2009 ). In the EPIC calibration study, a single 24-HDR was collected by conducting interview within almost 37 000 participants using EPIC-Soft (Slimani et al., 2000) . Together with a recently compiled standardized nutrient database (Slimani et al., 2007) , these data allowed, for the first time, a reliable comparison of energy and nutrient intakes and patterns across the European populations, and serves as a valuable resource and common benchmark to characterize dietary behavior of the European population (Slimani and Margetts, 2009; Freisling et al., 2010) .
In 2002, the European Food Consumption Survey Method (EFCOSUM) Project published recommendations for the methods to be used in pan-European monitoring surveys. For reliable and comparable trans-national data collection in adolescents and adults aged older than 15 years, the group advised the use of repeated, non-consecutive 24-HDRs collected through strictly standardized procedures (Biró et al., 2002) . In addition, the group advised to use EPIC-Soft to standardize the 24-HDRs as the best way for future pan-European dietary monitoring (Brussaard et al., 2002 b) .
What makes EPIC-Soft particularly useful for multi-centre (country) studies is the possibility to adapt the software to other languages/countries, while maintaining a high degree of standardization. This is accomplished by distinguishing the software framework from its more flexible databases. The databases themselves are subdivided into common files (for example, food classification), which are fixed across countries, except for the translation into the local language, and country-specific files (for example, food list), which are adapted and translated for each country/region according to a standardized structure.
However, a series of updates were deemed necessary to optimize the usability of EPIC-Soft for a pan-European survey, including solutions on the long-term databaserelated maintenance and dissemination of EPIC-Soft (Slimani and Valsta, 2002) .
The European Food Consumption Validation (EFCOVAL) Project aimed to develop further and validate the use of repeated 24-HDRs using EPIC-Soft for the intake assessment of foods, nutrients and potentially hazardous chemicals for surveillance purposes relevant to health and safety policies in Europe. In EFCOVAL, EPIC-Soft was adapted and further developed on various aspects. In this paper, we present the structure and main interview steps of the adapted EPIC-Soft program.
The advantages, limitations and requirements to use EPIC-Soft in the context of pan-European dietary monitoring and the results on the validity of EPIC-Soft for specific purposes of future pan-European monitoring surveys are reported elsewhere (Crispim et al., 2010 (Crispim et al., , 2011 Ocké et al., 2011; Huybrechts et al., 2011a, b) .
Materials and methods

Identification, evaluation and implementation of new EPIC-Soft specifications
In order to gather exhaustive and relevant information on how to improve the EPIC-Soft program, an ad hoc 'EPIC-Soft specifications questionnaire' was developed and circulated to past, current and potential future users of EPIC-Soft. These include users of EPIC-Soft in the EPIC Study and in national/ regional dietary monitoring surveys (Belgium, Germany, the Netherlands and Spain).
Each newly identified specification was evaluated according to predefined criteria, including its degree of (technical) complexity, relevance and priority (mandatory vs optional). Two task force groups were established to give input to this evaluation procedure: one Task Force Group (TFG) representing 'end users'/dietitians in charge of conducting 24-HDR interviews and one representing 'data managers' in charge of handling collected interview data. Subsequently, a proposal with prioritized specifications was discussed during a workshop with representatives from the EFCOVAL Consortium and external experts in the field. On the basis of the outcomes of this workshop, the specifications were either accepted, for implementation, as suggested, modified and accepted, or categorized as second priority/optional. Some specifications collected through the questionnaire were dismissed because of several reasons, including contradiction of the standardization concept, disagreement between partners, interviewer training issue and others.
For each retained specification, a technical solution was developed by the International Agency for Research on Cancer and provided for implementation to internal and external sub-contracted software developers and private companies.
The adapted EPIC-Soft program with the implemented specifications underwent several usability tests, in which feedback and comments from the two task force groups were considered for further refinement and amendment of bugs. All software development activities were coordinated by the International Agency for Research on Cancer. The full list of implemented specifications is given in Appendix A.
Results
Reprogramming and new specifications implemented in EPIC-Soft EPIC-Soft underwent a complete reprogramming and was moved from MS-DOS to Windows standard operating systems (XP, W7 and so on). The database management system uses the freely available SQL server (express) 2008.
EPIC-Soft consists of three layers: (1) the data access layer, (2) the business logic layer and (3) the user interface. This approach is expected to give more flexibility in the programming and may facilitate possible future adaptations of the software. An international character set (use of the computing standard 'Unicode') makes it now possible to use special characters (for example, Cyrillic, Chinese).
The user interface was reviewed by a computer graphic specialist aiming to increase user-friendliness. For example, specific guiding colors are linked to different interview steps; in order to avoid too many colors, the first four steps are alternated by green/blue and only the dietary supplement step uses another color (orange).
A series of other specifications was added to customize EPIC-Soft more easily and adapt it to specific study aims and needs. For example, certain parameters can now be defined in a setting module, such as the possibility to enter the time of a food consumption occasion (in hours) or alternatively, in hours and minutes or to choose/change the algorithm to calculate the energy requirements according to age and sex of the study participants. It is also possible to specify the fractions to be displayed in the quantification step of the interview with the methods 'standard unit' or 'standard portion' (see below). Facilities to manage comments that may arise during the interview in free text format (notes) were developed. These 'notes' are either automatically generated by the software (for example, in case of exceeding quantity, unknown quantity) or entered manually by the interviewer at any interview step.
Presentation of the adapted EPIC-Soft user release
Compared with the initial EPIC-Soft (Slimani et al., 1999) , the well-proven concept and the structure of the main interview steps remained unchanged. Each of the five interview steps is briefly described below including selected screenshots of the user interface. Examples of specifications added to the adapted EPIC-Soft are detailed in the text, whereas the full list is given in Appendix A.
General information. During the first interview step, information on the interviewer, the interviewee and the day of interview is collected (Screen 1), which is also used to perform quality checks during and after the interview. The collected information includes whether the recalled day was a special day (for example, religious celebration, travel) or whether a special diet was followed (for example, diabetes, hypertension, vegetarian). However, an additional response category 'other' may be chosen and specified. It should also be noted that an interview sequential number (for example, 1 ¼ first interview, 2 ¼ second and so on) could be entered if relevant.
Quick list. During the 'quick list' step, the interviewer registers manually all foods and (mixed) recipes, including
Screen 1 General information screen of the recall day. The colour reproduction of the figure is available at the European Journal of Clinical Nutrition journal online.
EPIC-Soft adapted for pan-European dietary monitoring N Slimani et al
S7
European Journal of Clinical Nutrition beverages in generic terms, so-called 'quick list items' (QLI), without further details or quantification.
The QLI are entered per food consumption occasion in strictly chronological order of the day. It usually covers the entire period of the day, starting from 'before breakfast' to 'during the night' (Screen 2). The interviewer registers all QLI reported by the subject and checks the completeness using an automatically displayed 'check list' (probing), specific to each food consumption occasion (for example, for 'after dinner (digestif)': drinks, evening snacks, biscuits/cake, chocolate/sweets).
A 'yes/no' question on the consumption of dietary supplements is asked at that step, with the possibility of entering additional information. For example, the brand and type of the supplements consumed may already be entered. This information is then prompted in the supplement consumption screen at step 5 of the interview.
Description and quantification of foods and recipes. Each QLI is described in detail and quantified during the description and quantification step. This interview step is subdivided into four main parts as described below.
Search and identification: The reported items are selected from the predefined country-specific food or recipe lists (Screen 3). Generic items ('n.s.') are displayed 'at the bottom' of the list to avoid overuse if an interviewer is not able to immediately find an exact match. A QLI as reported in the quick list is generally generic (for example, bread n.s.) and at this stage of the interview, the subject is asked additional questions to more specifically describe the items consumed (for example, as bread, brown with seeds). If the item consumed is not found in the list, the interviewer has the possibility to temporarily add a 'new' item in order to proceed with the interview. These new items are, however, flagged so that they can subsequently be checked (for example, by the coordinator) and possibly added to the food/recipe databases if deemed necessary.
Description of foods/ingredients and recipes: All foods or recipes (broken down into ingredients) identified from a given QLI are described according to a predefined standardized level of detail depending on the food (sub)group. A sequence of windows, corresponding to questions to be asked on different characteristics of foods called 'facets' (for example, cooking method, preservation method), is automatically displayed on the screen. Each of these windows contain a series of 'descriptors' corresponding to predefined possible answers (for example, 'grilled', 'roasted', 'fried' for the facet 'cooking method') (Screen 4). If the subject is not able to answer the question precisely, 'undefined' options are available for each facet (for example, 'cooked n.s.', for the facet 'cooking method'). For some facets, such as 'brand name', it is possible to manually add new brand names not available in the predefined list. This facet/descriptor approach of EPIC-Soft was developed using the 'LanguaL' coding system (http://langual.org) to describe foods/recipes by a combination of categorized characteristics. This approach ensures that the same type of food is described using the same questions (facets), and that the answers given by the subject (descriptors) are recorded according to common predefined lists of facets/descriptors across countries.
The mixed recipes are treated in a so-called 'recipe manager' screen, in which the information on the recipe (name, classification in main (sub)groups, brand, if applicable) and its ingredients can be entered when the subject knows the recipe (individual recipes). If the subject is not able to report the ingredients of the recipe consumed, a 'standard recipe' can be selected, which should be as close as Recipes are also described using facets and descriptors (for example, type of packaging, recipe reheating). A given recipe can also be used as an ingredient of another recipe.
Quantification: At the quantification step, predefined methods for estimating the quantity of each food/ingredient or recipe are proposed. Six quantification methods are available to estimate portion sizes: (1) photos/shapes, (2) household measures (HHMs), (3) standard units, (4) standard portions, (5) weight or volume method and (6) 'unknown' method.
EPIC-Soft is accompanied by a book of colored photos, common across countries, to help the subjects in estimating the portion sizes they actually consumed. In the future, it is perceived to have additional country-specific photos that are produced according to standardized procedures. For bread, country-specific two-dimensional real-size models ('shapes') of bread slices are used instead of photos; simply because the heterogeneity of types of bread available within and between countries is extensive. Thus, shape, thickness and density (mass per unit volume) of different types of breads are used for quantification including their toppings (for example, butter, jam, honey).
For practical reasons, HHMs such as glasses, bowls, are available on pictures. A ruler is used during the interview to check whether the actual height and/or circumference correspond to the HHMs the subject actually used. The ruler is also used when 'standard units' of different sizes (small, medium and large) are proposed to quantify certain foods (for example, for apple, potato).
The 'standard portions' method is relatively rarely used. Standard portions are available for foods in small quantities that cannot be quantified by the subject (for example, grated cheese on pasta; or onions, nuts or ham in a mixed salad).
The 'weight' and 'volume' methods are systematically proposed for all foods together with other methods (for example, the subject can choose to use quantification by photos or by weight). These methods are used particularly for the ingredients of mixed recipes, which are frequently reported in their raw form before any preparation and/or cooking (for example, 500 g of meat), or when the subject knows the precise volume of food actually consumed (for example, a 200 ml fruit juice pack). The volume method is supposed to provide more flexibility in the quantification, if, for example, a subject knows the volume of an item but not the weight (for example, a cup of rice); HHMs can then be used by the subject to specify the volume. EPIC-Soft automatically converts volumes into gram-weight by applying specific density factors available in the predefined density database.
The 'unknown quantity' method is used either when the subject cannot estimate how much was consumed or when a quantification method is lacking. For example, when a standard unit weight of a commercial product (for example, yogurt, biscuit) is missing in the EPIC-Soft database, the type and number of standard units and any further information can be entered in the 'note file' that is automatically prompted on the screen. The missing quantification is updated afterward in the EPIC-Soft databases and available for future use.
Fat absorbed by a food during frying or deep frying is automatically calculated based on the food weight and according to the estimated amount of fat used for a given cooking method. If a subject is unable to estimate the quantity of fat, sauce, sweetener added on food or recipe, the system also automatically calculates a standard quantity, adjusted for the weight of the food (or recipe) actually consumed.
Foods are always estimated as consumed, whereas in mixed recipes the consumed quantity is calculated in three steps using common procedures and algorithms:
1. estimation of the individual 'as consumed' recipe portion with quantification methods proposed by the system (for example, photos of ready-to-eat moussaka); 2. quantification of each ingredient of the mixed recipe; as for foods, common algorithms are used to adjust for raw-to-cooked, edible part and density, if the ingredients are not estimated in their 'as consumed' form (that is, quantification of the ingredients of moussaka: aubergines, tomatoes, meat and so on); and 3. automatic calculation of the 'as consumed' weight of each ingredient, based on the recipe portion actually consumed (that is, relative weight of each moussaka ingredient actually consumed).
If the reported/calculated consumed quantity exceeds specified maximum values, a warning message is prompted on the screen during the interview taking into account the physical state of the food (for example, milk described as liquid and milk described as powdered have two different maximum values).
Finally, the quantities of foods or ingredients of recipes reported can be exported either 'as consumed' or also 'as raw'.
An example of a complete description and quantification of foods consumed on a given day is shown on Screen 5.
Probing and quality controls: After the description and quantification of each food or recipe, a list containing foods, which can easily be forgotten and linked to a given QLI is automatically displayed on the screen. Particular attention is given to fat, sauce and sugar added to foods, as they are not reported as separate QLI in the quick list. For example, for the item 'coffee', probing items such as sugar, milk and cream are proposed.
Various quality checks are made at different steps during the interview procedure. Checks are made on outlier values, either entered by the interviewer or calculated by the system (for example, food quantity above a predefined maximum value).
Before proceeding to the next interview step, a screen summarizing the foods/recipes with missing quantities is automatically displayed and incomplete information can be identified and corrected.
Dietary recall summary and final checks. A final quality check at the nutrient level is performed by comparing intake of energy and macronutrients with standard requirements, based on the subject's age, sex, weight and height. These nutrient intakes are automatically calculated from national food composition databases. If energy or one of the macronutrients (proteins, fats, carbohydrates, alcohol) estimated from the 24-HDRs is out of the expected calculated margins, a warning 'too low' or 'too high' is displayed and the interviewer has the possibility to correct possible errors while the subject is still present (Screen 6). The number and type of nutrients displayed can be predefined depending on the study.
Dietary supplement description and quantification. The dietary supplement screen is structured according to the food consumption occasions that were specified during the interview. As information on dietary supplements is regarded as important, details on dietary supplement consumption are already asked during the quick list step at the beginning of the interview.
This information entered during the quick list step is displayed at step 5 of the interview as a reminder and to further detail supplement consumption, if applicable. Supplements can be entered in all details including quantification, selected from a predefined list or temporarily entered as a new supplement for later update. A description step is available, for example, to systematically describe the type, amount, dosage and brand of the supplement consumed.
further investments and developments. The EFCOVAL Project offered the opportunity to update and develop it further to meet specific needs of future pan-European monitoring surveys.
Although the well-proven concept and structure of the initial software were not changed substantially, the migration of EPIC-Soft into a modern Windows environment and the reprogramming of the framework of the software should ensure its long-term sustainability and adaptability to potential new requests and (web)technologies. Other more functional facilities were also implemented into EPIC-Soft to optimize the use of the software for the convenience of future users and increase further its customization to other countries or study contexts. For example, within the EFCOVAL Project a new EPIC-Soft version has been developed and tested for the first time in an eastern European country (Czech Republic), which confirmed the large flexibility of the system that is already successfully used in 12 other EU countries (Huybrechts et al., 2011a) . In addition, the EPIC-Soft related databases (for example, food classification, food and recipe lists, facet-descriptor system) were evaluated in depth and this led particularly to upgrade and test a facets/descriptors list to better identify and describe other specific dietary exposures (for example, flavoring substances) for risk-assessment purposes (Crispim et al., 2010) .
The validity of the EPIC-Soft program, as a reference (calibration) method for between-country comparisons, was already positively evaluated in a number of studies within the EPIC calibration study using nutritional biomarkers Al-Delaimy et al., 2005; Ferrari et al., 2009; Saadatian-Elahi et al., 2009 ). In addition, within the EFCOVAL Study, it was investigated whether two nonconsecutive standardized 24-HDRs using EPIC-Soft is a suitable method for future pan-European monitoring surveys, by assessing population means and distributions in the five participating EU countries (Crispim et al., 2011) . Crispim et al. (2011) concluded that the repeated 24-HDRs using EPIC-Soft appears to be suitable to describe the intake distribution of European populations, at least for their protein, potassium, fish, fruit and vegetable intake. Of note is the fact that the initial EPIC-Soft program was used in the validity study, as the adapted version was planned to be ready only at the end of EFCOVAL.
EPIC-Soft was also evaluated on its user-friendliness from a respondent's point of view, where B90% of the respondents felt capable to, a (fairly) high degree, to answer 24-HDRs using EPIC-Soft through both, face-to-face and telephone administrations (Huybrechts et al., 2011b) .
Some other strengths and the potential of this standardized computerized 24-HDR method reported by users within or outside the EFCOVAL network include its application to a wide range of different populations, the relatively high participation rate and the potential for a telephone approach as a validated alternative (Brustad et al., 2003; Ocké et al., 2011) . In case of a telephone approach, the picture book is provided in advance (either handed over personally or send by post) with a note not to open it before being contacted by an interviewer.
These evaluations also enabled to identify weaknesses and current limitations of the EPIC-Soft program, which, at least for some of them, are already planned to be overcome. These include time and money (personnel) needed to prepare and maintain country-specific versions, because of the openended and dynamic nature of the 24-HDR method, particularly when designed for usage across countries. An in-depth knowledge about the structure of the food and recipe lists is important in order to be able to prepare a country-specific version with the facets and descriptors needed for the specific studies. It is also a prerequisite to be sufficiently trained and familiar with the guidelines to use EPIC-Soft in a real study context. A professional dietitian or persons in similar fields is necessary to conduct interviews, to ensure a high level of standardization within and between countries.
In order to respond to the need of a wide dissemination of EPIC-Soft, while preserving its concept of standardization and integrity, a centralized web-based platform (The webbased EPIC-Soft Methodological Platform) hosted at the International Agency for Research on Cancer is under development. This comprehensive platform will not only include the standardized and validated dietary interview program (EPIC-Soft application) but also a series of other modules (maintenance, setting, interview manager, communication modules) to provide a full support to conduct international nutritional studies, using common tools and procedures to collect, control and handle dietary interviews (data). Usually, the preparation of a (new) country-specific version of EPIC-Soft starts with defining the common rules (databases) that will be used in a given project, in terms of description, quantification and various other aspects. In case of a multi-centre study, these rules are standardized across centers (countries). The common databases are generated/ prepared and translated into the respective language(s) using the EPIC-Soft Methodological Platform. In a next step, all country-specific databases that are needed to describe and quantify foods, recipes and supplements are prepared by the local dietitians, again using the EPIC-Soft Methodological Platform. This includes defining the list of foods and recipes, HHMs, thickness of breads, updating or creating food, recipe and food supplement lists and others. In total, about 70 different databases define a country-specific version of EPIC-Soft while keeping the rules, structure and the framework of the software constant.
The recent decision by the European Food Safety Authority and its expert group to launch the first-possible panEuropean monitoring survey (http://www.efsa.europa.eu/ en/press/news/datex100212.htm, accessed 31 March 2010) and to endorse EPIC-Soft as the reference method to be used across the EU member states maybe seen as a natural continuation, and applying the recommendations and conclusions of the European Food Consumption Survey Method and EFCOVAL Projects.
Other software applications for collecting 24-HDR data have been developed or are under development elsewhere. These include web-based, automated, self-administered 24-HDR versions for use in nutritional epidemiological studies, like the ASA24 (http://riskfactor.cancer.gov/tools/ instruments/asa24/ accessed 27 April 2010) or the 24-HDR method developed for the 'Etude Nutrinet Santé', a large French cohort study (https://www.etude-nutrinet-sante.fr accessed 27 April 2010). Another example for a computerized 24-HDR method is the young adolescents' nutrition assessment on computer (YANA-C) for self-monitoring of food intake by children aged 11 years and older (Vereecken et al., 2005) . The validity and reliability of such methods, using information and communication (web)technologies, have recently been reviewed (Ngo et al., 2009) , and their respective advantages and disadvantages were evaluated. The use of software applications in multi-centre studies, particularly monitoring surveys in which representative non-convenience samples are involved, adds a further dimension of complexity, as their application requires to be equally applicable within and between countries. The major differences existing within and between study populations, like gender, age groups, socioeconomic class differences, in terms, of access to internet, skills with the web applications and capacity to respond to a complex openended questionnaire such as a 24-HDR, are still obstacles to generalize the use of these web-methodologies in international study contexts while ensuring a high level of comparability and standardization of the collected data among countries. This explains to a large extent why, although the new EPIC-Soft architecture and its related platform will facilitate the possible migration of the existing EPIC-Soft application toward these new technologies, it was judged too premature to apply them for pan-European monitoring surveys. Importantly, compared with other methods, the interviewer-based EPIC-Soft in its current form collects food consumption data with a high level of detail (for example, brand names, type of packaging), which is an important requisite for risk assessment purposes in the area of food safety.
Conclusions
The adapted EPIC-Soft is expected to fulfil the criteria for collecting food consumption data in a standardized way and with sufficient detail for pan-European dietary monitoring surveys, risk assessment purposes and epidemiological studies. In addition, the development and test of a comprehensive web-based platform, initiated within EFCOVAL and which will be completed soon, will provide an operational infrastructure to support the implementation of future pan-European surveys and other national and international studies. Future developments may also include the implementation of a module matching food consumption data with nutrient and other occurrence databases (http://eurofir.org), a web-based EPIC-Soft application, a web-based photo atlas and others. This methodological effort will contribute to a historical opportunity to have comparable data across the EU member states and from representative samples available for different monitoring, risk assessment, public health, legislation and other purposes.
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